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Description 

This Invention was made with United States government support awarded by the IDepartment of Health 
and Human Services (NIH), Grant number DK-14881 . The United States Government has certain rights In this 

* ^%Hs invention relates to biologically active vitamin D compounds. More specifically, the Invention relates 
to 1 9-nor-analogs of 1 a-hydroxylated vitamin D compounds and to a general process for their preparation. 

Bacl<ground 

The 1 a-hydroxylated metabolftes of vitamin D - most Importantly 1 a .26-dihydroxyvitamin D3 (See US-A- 
3697559) and 1a.25.dlhydroxyvitamIn D2 - are known as highly potent regulators of calcium homeostasis In 
animals and hunans, and more recently their activity In cellular differentiation has also been establtehed. As 
a consequence, many structural analogs of these metabolites, such as compounds with different side chain 

18 structures, different hydroxylation patterns, or different stereochemistry, have been prepared and tested Im- 
portant examples of such analogs are la -hydroxyvHamIn D3. 1o-hydroxyvltamln D2, various side chain fluor- 
inated derivatives of 1a,25-dihydroxyvltamln D3. and aide chain homologated analogs. Several of these iaiwn 
compounds exhibit highly potent activity in yito or in yjtro, and possess advantageous activity profiles and thus 
are In use. or have been proposed for use, In the treatment of a variety of diseases such as renal osteocys- 

20 trophy, vitamin D-resistant rickets, osteoporosis, psoriasis, and certain malignancies. 

Disclosure and Description of the Invention 

A dass of 1o-hydroxylated vitamin D compounds not known heretofore are the 19-nor-analogs, I.e. com- 
28 pounds In which the ring A exocydlc methylene group (carbon 19) typlcai of all vitamin D system has been 
removed and replaced by two hydrogen atoms. Structurafly these novel analogs are characterized by the gen- 
eral formula I shown below. 
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where XI and are each selected from the group consisting of hydrogen and acyl. and where the group R 
represents any of the typical side chains known for vitamin D type compounds. Thus, R may be an alkyi, hy- 
drogen, hydroxyalkyi or fluoroalkyi group, or R may represent the following skJe chain: 




wherein Ri represents hydrogen, hydroxy or O-acyl, and R^ are each selected from the group consisting of 
alkyi. hydroxyalkyi and fluoroalkyi, or, when taken together represent the group - (CH^im - whe^ m is an In- 
teger having a value of from 2 to 6. R* is selected from the group consisting of hydroigen, hydroxy, fluorine, O- 
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acvl alM hydroxyalkyi and fluoroalkyl. R* Is selected from the group consisting of hydrogen, fluorine, alkyl. 

^.Si;and7ucl?a.ky1.or.R4andR«taken.ogetherrep«^^^ 

2recte^l^mthegroup<»nsistlngofhydrogen^ 

fbrtn a cartmrwaibon double bond, and wherein n Is an Integer having a value of from 1 to 5. and wherein the 
cart>on at any one of positions 20. 22. or 23 In the side chain may be replaced by an O S or N atom. 

Specific important examples of side chains are the structures represented by formulas (a), (b), (c), (d) and 
(e) below< l.e. the side chain as it occurs In 25-hydioxyvltamin D, (a); vitamin Dj (b); 25-hydroxyvRamln (c); 
vitamin D2 (d); and the C-24-eplmer of 25-hydroxyvHamln P2 (e). 
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In this specification and the claims, the term 'alkyl' slgnras an alkyl radical of 1 to 5 cartons in a" •""i**^,"^ 
such as methyl.ethyl.propyl.i8opropyl.butyl.l8obutytpenty«. etc.. and the terms 'iv^^ 
fertosuchanall«lradicalsubstiliitedbyoneormorBhydroQrorfluorogPOupsrespecliveiy,andtheterm acyt me- 
ans an aliphatic acyl group of 1 to 5 carbons, such as fbrmyl. acetyl, pmptonyl. ete. «an a^ 
as benzoyl. nHrobenzDyi or halobenzoyl. The term 'aryl' signifies a phenyl-, or an alkyl-, nHro- or halo-aubstttutad 

'"'^The preparation of 1o-hydroxy-19-nor-vltamin D compounds having the basic structure shown abwe can 
be accomplished by a common general method, using known vitamin D compounds as starting materteis. Suit- 
aUe starting materials are. for example, the vitamin D compounds of the general structure II: 
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56 



HO- 

Where R is any of the skJe chains as defined above. These vitamin D starting materials are known compounds, 
or compounds that can be prepared by known methods. 

Using the procedure of DeLuca et §1. (U.S. Patent 4.195,027). the starting material can be converted to 
the corresponding la-hydroy-S.S-cyclovitamin D derivative, having the general structore III below, where X 
represente hydrogen and Q represente an alkyl, preferably methyl: 
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R 




m 



so as to pTBdude undesirad reaction of the 1a.hyd««y group in subsequent steps the M^ flro"P ^ in- 
verted to the corresponding acyl derivative. i.e. the compound III shown above, where X represents an acyl 
^?pXs^nZacyilnTrocedurB8..uchast,Batn,entwithana^^^^ 
Troom temperature or snghdy elevated temperature(30.70-C)Jtshould bounds 
Tr^s of this invention fs Illustrated here with acyl P^^tectlon of hyd«»cy fancttons^altarnatlv^^ 
d^protecting groups canalso be used,suchas.for example. alMsilylorall*^^ 

JSJs'are well5J.own in the art (e.g. tHmethylsilyl. triethylsilyl. ^;j^<'^^^^^^^X^^JZ 
thfflvmethyl). and their use Is oonsWeewJ a routine modification of experimental detaU wfthin the scope of the 

""Te SSSiS'^Salned above can then be reacted wHh. say osmium tetroxide. to P-^- J^-^J 
dihydroxy analog. IV (where X Is acyl). which is subjected to diol cleavage using ^^^''^J^f^^^^'J^ 
Jar Si diol Savage reagents (e.g. lead tetraacetate) to obtain the KVoxo-lntermedtate. having the atruc 
tute V below (where X is a(^: 



QO 





These two consecutive steps can be carried out according to the procedures given by Paa«"^§l- 1^- 0'9- 
Sfm 4?^1 9 (1 983)1 Jftfe side chain unit. R. carries vicinal dids (e.g. 24.2M^ 

eta), thlie. of course, also need to be protected, e.g. via acylation. sHylation. or as the IsopropylWene deriv- 
ative prior to the periodate deavage reacUons. , „ -...i..-*fa-f»h« 

In most cases, the acylation of the 1a-hydroxy group as mentioned above wBl 
acylation of side chain hydroxy functions, and these acylation conditions can. of course. ^J^f^^^^^ 
justed (e.g. elevated temperatures, longer reaction times) so as to assure complete protection of side chain 

"^"^"^hfJlSSTthe process comprisesthe reduction ofthe10-ox^^^ 

having the structuiB VI shown below (where X b acyl and Y represents hydroxy). When X e acy^. the reducbon 
Is ca^ed out com^enlently In an oiganic solvent at ftom. say. 0«C to room temperature using NaBH* or equiv- 
alent hydride redudng agents. selectWe for the reduction of carbonyl groups without '=^^9^^^'^^ 
Obviously, when X is a hydroxy-protecting group that is stable to redudng agents, any of the other hydride 
redudng agents (e.8, IJAIH4. or analogous reagents) may be employed also. 
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The 10-hydn,xy intermediate can then be treated with an alkyi- or arylsulfbnylhallde (e.g ""^'hanesuffonyt- 
chlorlde) in a «^itable soh^ent (e.g. pyridine) to obtain the corresponding lO^kyl- or ai^lsulfonyl dertvabve 
(theconipound having thestructureshown VI above. whereYi9alkyl^Oa0..oraryl^O»0..andthffl8u^^^ 
Intermediate is then direcUy reduced, e.g. vyrth lithiun aluminum hydride, or the analogousjoiown lithium alu- 
minum aikyi hydride reagents in an ether solvent, at a temperature typically from 0»C to the boiling temperatire 
of the solvent, thereby displacing the sulfonate group and obtaining the 10-deoxy derivative, represented by 
the structure VI above. whereXandYare both hydrogen. As shown by the above structure, a 1-O-acylfunchon 
in the precursor compound V is also deaved In this reduction step to produce the free 1a-hydroxy ftjnctton. 
and any O-acyl protecting group In the aide chain would, of course, likewise be reduced to the corresponding 
free alcohol function, as is well underatood in the art If desired, the hydroxy groups at C-1 (or hydroxy grouiw 
in the side chain) can be reprotecled by acylation or sBylatlon or ether formation to the cornepondmg acyl. 
alkylsilyl or alkoxyalkyl derivative, but such protection is not required. Alternative hydroxy-protecbng groups, 
such as alkylsHyi or alkoxyalkyl groups would be retained in this reduction step, butcan be removed, as desired. 

at this or later stages in the process by standard methods known In the art 

The above 1 a-hydroxy-1 0-deoxy cydovltamln D intermediate Is next soh«)lyzed e g the 1^ 

molecular weight organic acid, using the conditions of DeLuca et al- (U.S. Patents ^■'^^'°^JJ'^ 
Whan the sdvolysis Is carried out In acetic acid, for example, there is obtained a inbcture of 1«rM™V-1^ 
nor-vitamln D 3-ac8tale and 1o-hydroxy-19-nor-vitamin D 1-acetate (compounds Vll and VIII. below), and the 
analogoua 1- and S-aqrlates are produced, when, alternative acWs are used fbr solvolysis. 
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Direct basic hydrolysis of this mbrture under standard condWona then produces the desired 1a-hydro)Qf-19- 
nor-vltaminDcompounds of structurelaboveCwhereXi and X2 are hydrogen). Alternatively.theabovemiJ^ 

of monoacetates or other acylates may also be separated (e.g. by high pressure liquid chromatography) and 
the resulting 1-acetate and 3-acelate Isomers may be subjected separately to hydrolysis to obtain the same 
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final productfrom each, namely the la.hydroxy-19-nor-vltamln D compoundsof structure I. Also theseparated 
monoacelates of structure VII or VIII or the free 1 ,3-dlhydroxy compound can, of course, be rea^^lated aooord- 
ing to standard procedures with any desired acyl group, so as to produce the product of structure I above, wtiere 
5 and X2 represent acyl groups which may be the same or different 

Biological Actlvitv of 1a.HydrDxy-19-Nor-Vitam in D Compounds 

The novel compounds of this Invention exhibit an unexpected pattern of biological activity, namely h^h 
potency In promoting the differentiation of malignant cells and little or no acUvlly In calcifying bone tissue. Thte 
is Qlusfrated by the biological assay results obtained for 1a.25-dlhydroxy.19-nor-vitamln D3 (conripounds la), 
which are summarized In Tables 1 and 2. respectively. Table 1 shows a comparison f^t|;"«*^«yj^*';;! 
active metabolite 1a.25-dlhydroxyvitamln D3 and the 19-nor analog Qa) In Inducing the differentiation of human 
leukemia cells (HL-60 cells) In culture to normal cells (monocytes). Differentiation activity was assessed by 
three standard dlffbrentiation assays, abbreviated In Table 1 as NBT (nitroblue tetrazolium reduction). NSE 
(non-specific esterase activity), and PHAGO (phagocytosis activity). The assays were conducted according 
to known procedures, as gh^en, fbr example, by DeLuca et al- (U.S. Patent 4.717.721) and Ostrem et al-. J- 
Biol Chem. 2B2, 14164, 1987). For each assay, the differentiatton activity of the test compounds Is expressed 
In terms of the percent of HL-60 cells having differentiated to normal cells in response to a gWen concentration 

20 of ^^^l^^^"^^^^^^ Tab,3 1 ceariy show that the new analog. 1a.25-dihydroxy-19-nor-vItairtn D3 

(la) is as potent as 1a,25-dlhydroxyvitamin D3 In promoting the differentiatton of leukemia cells. Thus In all three 
assays dose to 90% of the cells are induced to differentiate by 1a.25-dihdyroxyvitamln D3 at a concentration 
of 1 X ia-7 molar, and the same degree of differentiation (l.e. 90, 64 and 90%) is achieved by the 1 &-nor analog 

25 (la). 
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Table 1 

Dlf ferenclatlon of HL-60 Cells 
la,2S-dlhydr oxyvitaaltt 7. D lf f erencla ted Cells 



(aoles/Ilcer) 



1 X 10 
1 X 10 
1 X 10 



-8 
-9 



86 + 2 
60 i 2 
33 + 2 



(nean 4^ SEM) 
NSB 
89 + 1 
60 + 3 
31 + 2 



7RAC0 
87 + 3 
6^ + 2 
34 + 1 



40 



50 



la , 25-Dlhy drox7-19-nor- 
vitamln D^, (la) 
(laoles/llter) 



2 X 10 
1 X 10 
5 X 10 
1 x 10' 
1 X 10' 



r7 

-9 



9A 




2 


95 + 


3 


94 


+ 


2 


90 


+ 


A 


84 ± 


A 


90 


4- 


4 


72 




3 


73 + 


3 


7A 




3 


61 




3 


60 + 


3 


56 




1 


32 




1 


31 + 


1 


33 


+ 


1 



55 



In contrast to the preceding results, the new 19-nor analog (la) exhibits no activity In an assay measuring 
the calcification of bone, a typical response elidled by vitamin D compounds. Relevant data, representing the 
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results of an assay comparing the bone calcification activHy In .als of ^-^'hjf^^IJ^^f™ tolhe*^ 
SM«>xy-19-nor-vltamin D3 (la), are summarized In Table 2. This assay was conducted according to the pro- 
cedure described by Tanaka at §1.. Endocrinology 417 (1973). o--III~rf».««rthimlo 
T^e results pr^ented In Table 2 show the expected bone calcification actlvrty of ^f^^""^^^ 
D3 as rXtod £ the increase In percent bone ash. and in total ash at all ^ 
Satog la exhibte no activity at ail three dose levels, when compared to the vrtamin Wef«lent (-D) control 
group 



Table 2 
Calcification Activity 

Cotapound Amount Admlnis tared* ' Z Ash Total Ash (wg) 

(pmolcs/day/7 days) (mean + SEM) (mean + SEH) 
(control) 0 19 * 0.8 23 + 1.2 



la, 25-dihydroxy- 


32.5 


23 




0.5 


34 


4- 


1.6 


vltamin 


65.0 


26 




0.7 


36 




1.1 




325.0 


• 28 


+ 


0.9 


40 


+ 


1.9 


la , 2 5 -dihy droxy-1 9- 


32.5 


22 




0.9 


28 




1.6 


nor-^ltaain (Xa)' 


65.0 


19 




1.5 


28 




3.4 




325.0 


• 19 




1.2 


30 


4-* 


2.4 



* Each assay group comprised 6 rats, receiving the indicated 
acouac of test compound by intraperitoneal injection daily for 
a period of seven days. 



Thus the new 19.nor analog shov«. a selective activity profile combining high potenor '"^^ 
f^rentiationofmallgnantcellswlthverylowornobonecalcification^vttyjhecom^^^ 

tural class, therefore, can be useful as therapeutic agents fbr the Ir^ent «rf ^^''S.'^^'f tf^"^ 
f^ntiative activity of vitamin D compounds on keraUnocytes of sidn (Smith J. Im^est ^^''^•^^ 
1986; Smithetal..J.Am. Acad. Dermatol. 19, 516.1988) Is believed to be an indl.«tionrt^ 
of ps^sis Cfttamoto et iL, Calc Tissue Int 360. 1988). these compounds should prove useful in treating 
SKXT; 6^ characterized brpn>iifemtlon of undifferentiated sIdn ^'^^J^^;^^^ 
should also find use In the suppression of parathyroid tissue, as for example In rases of secondary hypei- 
parathyroidism found In renal disease (Siatopolsky etal.. J. Oin. Invest^ ^ . ll,, 'l^w „,„«., w chicle 

For treatment purposes, the novel compounds of this im^enSon can be fbrmulated In a solid or liquid vehicle 
mgestible by. and non toxic to, mammals., fbr example as solutions in innocuous solvents or as e"«tetons. 
suspensions or dispersions insuitableinnocuoussolventsorcarriers. or as pnis. tablets or <wle^«^ 
solid earriera according to conventional methods icnown In the art Accordingly the present invention piovWes 
a pharmacauticai composition which comprises at least one compound of this Invention together with a phar- 
maceutlcaily acceptable exciplent For topical applications or administrations the compounds are advanta- 
geously fbrmulated as creams or ointments or simBar vehicle suitable for topical applications. Any such formu- 
lations may also contain other phamiaceutically-acceptable and non-toxic exdpients such as staWleera. anti- 
oxidants, binders, coloring agents or emulsifying or taste-modifying agents, • ^ , . 

The compounds are advantageously administered by injecHon (fbr parenteral administration), or by mtra- 
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venous Infusion of suitable sterile solutions, or In the form of oral doses (fbr oral administration) via the all- 
mentary canal, or topically In the form of ointments, lotions, or In suitable *^^"^f'^*^J'^^J^^^ 
ment of malignant diseases, the 19-nor-v«Bmin D compounds of this Invention should beadmlntetered to sub- 
jects In dosages sufficient to inhibit the proliferation of malignant cells and induce their dIflbfBntlatlon Into no^ 
mal monocyte-macrophages. SimBariy, fbr the treatment of psoriasis, the compounds niay be administered 
orally or topically In amounts sufficient to arrest the proliferation of undifferentiated keraUnocytes. and In the 
Ireafrnent of hyperparathyroidism, the compounds should be administered In dosages sufficient to suppress 
parathyroid activity, so as to achieve parathyroid hormone levels In the normal range. Suitab e dosage 
amounts are Itam 1 to 500 i»g of compound per day. such dosages being adjusted, depending on diseases to 
be treated, its severity and the response or condition of the subject as weil-underetDOd In the art Typically a 
composition contains. In a single dosage form, from 0.5 ng to 50 |ig of the cmnpound. 

This Invention Is more specifically described by the following Olustrathre examples. In these eramplee spe- 
cific products identified by Roman numerals and lettere. i.c. la. lb Ha, lib etc. refer to the specffic struc- 
tures and sids chain combinations Identified in the preceding description. 

Example 1 

Preparation of 1o.25-dlhydroxy-19-nor-vllan:rfn 15, (la) ^ , r. », 

(a) ltt.25-DIhydroxv-3.S-cyclovitamln D-. 1-acetate. 6-methyl etherb: Using 25-hydroxyvltamin D» (lla) as 
starting material, the l<nown 1o.2S.dihydroxy-3,5-cyclovltamin D, derivative Ilia (X=H) vas prepared ac- 
cording to published procedures (DeLuca et al.. U.S. Patent 4. 195,027 and Paarenot al., J. Org. Chem. 
45, 3252 (1980)). This product was then acetyiated under standard conditions to obtain the corresponding 

T^cetate derivative Ilia (X=Ac). «w % i »_ 

(b) 10,1S.Dihydro-1a.10.19,25-tetrahydroxy-3.5-cyciovilamIn D» 1-acatate. 6-methyl ether (IVa): Inter- 
medlate Ilia (X=Ac) was treated with a slight molar excess of osmium tetroxlde in pyridine according to 
the general procedure described by Paaren ot^. (J. Org. Chem. 48. 3819 (1983)) to obtain the 10.19- 
dlhydroxylated derivative Wa. Mass spectrum m/z (relative intensity). 506 (M*. 1). 488 (2), 474 (40). 425 
(45), 396 (15), 285 (5). 229 (30), 133 (45). 59 (80), 43 (100). iH NMR (CDa^ S 0.52 (3H. s, 1 8-CH,). 0.58 
(1H, m. 3-H). 0.93 (3H. d, J=ai Hz. 21-CH,), 1^ (6H. 8, 26-CH, and 27-CH,). Z10 (3H. s, COCH3). 3.25 
(3H. s, 6-OCHa). 3.63 (2H, m. Ift-CHa), 4.60 (IH. d, J-9.2 Hz. 6-H). 4.63 (1H. dd. 1p-H). 4.78 (IH, d, J=9.2 
Hz 7-H). 

fc na.25-DihydrDxy>10-oxo-3,5-cydQ-19-nor-vltam!n Da 1-acetate. 6-methyl ether (Via): The 10,1&-dlhy- 
droxylated intermediate IVa was treated with a solution of sodium metaperiodate according to the proce- 
dure given by Paaren et at. (J. Org. Chem. 48. 3819, 1983) to produce the lO-oxo-cydovitamin D derivative 
(Va, X=Ac). Mass apecSDm m/z (relative Intensity) 442 (f^-MeOH) (18). 424 (8). 382 (15). 364 (35). 253 
(55). 225 (25), 197 (53), 155 (85). 137 (100). m NMR (CDCia) 5 0.58 (3H. 8. I8-CH3). 0,93 (3H. d. J=6.6 
Hz, 21^H3), 1^2 (SH, 9, 26-CH3 and 27-CHa). 2.15 (s, 3-OCOCH3), 3.30 (3H. s. 6-OCH3), 4.61 (IH, d. 
J=9.1 Hz, 6-H), 4.71 (IH. d, J=9.e Hz, 7-H). 5.18 (IH, m. 1p-H). 

It has been bound also that this diol cleavage reaction does not require elevated temperatures, and 
it is. indeed, generally prefereaWe to conduct the reaction at approximately room temperature. 

(d) la-Acetoxy-10,25-dihydroxy-3,5-cyclo-19-nor-vitamln Da 6-methyl ether (Via, X-Ac YaQH): The 10- 
0x0 derivative \^ p<=Ac) (2.2 mg, 4.6 jimol) was dissolved In 0.5 ml of ethand and to thls,8o!utton 60 mI 
(5.3 ^mol) of a NaBH4 solution (prepared from 20 mg of NaBHi. 4.5 ml water and 0.5 ml of 0.01 N NaOH 
solution) was added and the mixture stirred at 0«C for ca. 1 .5 h, and then kept at O^C for 1 6 h. To the mixture 
ether was added and the organic phase washed with brine, dried over MgS04, filtered and evaporated. 
The crude product was purified by column chromatography on a 1 5 x 1 cm silica gel column and the alcohol 
Via (X=Ac, Y=OH) was eluted with ethyl acetate hexane mixtures to give 1 .4 mg (3 nmol) of product Mass 
spectrum m/z (relative Intensity) 476 (M^ (1). 444 (85), 426 (18), 384 (30), 366 (48), 351 (21). 255 (35). 
237(48), 199(100). 139 (51). 59 (58). . ^. 

(e) 1a,25-Dihydroxy^19-nor-vitam!n D.da, Xi=X^H): The 1 0-alcohol (Via, X=Ac, Y=OH) (1 .4 mg) was dls- 
soh/ed in 100 ^1 anhydrous CHzOz and 10 jii (14 nmol) triethylamine solution [prepared from 12 mg (16 
p\) triethylamine in 100 ^1 anhydrous CHaQJ, followed by 7 ^1 (5.6 ^mol) mesyl chloride solution (9 mg 
mesyl chloride, 6.1 ^ll. In 100 nl anhydrous CHaCIJ added at O^C. The mixture was stirred at O'^C fbr 2 h. 
The solvents, were removed with a stream of argon and the residue (comprising compound Via, X=Ac. 
Y=CH3S02C>) dissolved In 0.5 ml of anhydrous tetrahydrofiiran; 5 mg of LiAlH4 was added at O'^C and the 
mbdure kept at 0»C fbr 16 h. Excess LIAIH4 was decomposed with wet ether, the ether phase was washed 
with water and dried over MgSO*, filtered and evaporated to ghre the 19-nor product Via pc=Y=H). 
This product was dissolved In 0.5 ml of acetic acid and stirred at 55»C for 20 min. The mbcture was cooled, 
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tee water added and extracted wKh ether. The other phase was washed with cold 10% sodium bicarbonate 

SJtion. brine, dried over MgSO^. fDtered and evaporated to give the expected mixture <=^^^^^^^^ 
and 1«:acetoxy-3-hySroxy teome.. which we,e seated and ^^^^^^J^.^ 
8 6.4 X 25 cm, 2-propanoi in hexane) to give about 70 \xg each of compounds Vila and Xllla. UV (In EtOH) JWm, 

242 5 too 0.72). 251.5(00 0.86), 260(00 0.57). 

Both 19.norll.2S^Ihydroxyvitamin D, acetates Vila and Villa were hydrolyzed In the same "'anner. Bach 

Of the monoaceteteswasdissdved lnO.5 ml of ether and 0.5 ml 0.1 N KOH In methanol was added.The mWure 

««s sUried under argon atmosphere fbr 2 h. More ether was added and the organic phase washed with brine 
10 dried overanhydrous MgS04. fDtered and evaporated. The residue was dbsoWed lna1:1 '^^^'^'^^^ 

and hexane and passed through a Sep Pak column and washed with the same solvent The "oWentewere 

Operated and the residue purified by HPLC (Zorbax 80. 6.4 x 25 cm. 10% 2-propanol In hexane ) The tv- 
- _-^SSoductsofJWIa_and_VIIia.wfirejdentical^^^^ "^^'.^oT-f ^/K^tfST 

iteSity) 404 m (100). 386 (41), 371 (20). 275 (53). 245 (51). IBOm Iff ^2), 133 (72). 59-(;«^ 
iS exact mass calcd. fbr C«H«0, 404.3290. found 404.3272. 1H NMR (OTCl J « 0^2 (3H. s. J^CHa). 0 92 (3H. 

d J=6 9 Hz. 21-CHa). 1.21 (6H, s. 26-CH, and 27.CH3). 4.02 (1H. m. 3o-H). 4.06 (1H. m. ip-H). 5.83 (1H. d. 

til.e hS^S). e!2 (1H. d. J^ia7 Hz. ^H). UV (in EtOH). 243 (00 0.725). 251.5 (CD 0.823). 261 (OD 

0.S98). 

20 Example 2 

Preparation of 1o-hydroxy-19-nor-vitaminD3 (lb) i» «hh.tn-H 

(a) With Vrtamin Da (lib) as starting material, and utilizing the conditions of Ejompie la. there Is obtained 
known 1a-hydroxy^3.5-cycIovltemln D3 1-acetate, 6-methyl ether, compound lllb (X=Ac). 
28 (b) By subjecting Intermediate lllb (X=Ac), as obtained In Example 2a above to the condltkMis of Btampte 
lb. there Is obtained l0,19-dihydro-1a.10.19-trB«ydrQxy-3.5^ovitamin D, 1-acetete. ft-methyl etherlVb 

(c) By freatment of Intermediate IVb (X«^) with sodium meteperiodate according ^P'« ""j^^^*^®' 
there is obtained 1<*.hyditwy-10.oxo-3.S^o-19-nor.vitemin D, l^cetete. 6-methyl ether \^ (X=Ac). 
(d> Upon reduetton of the lOoxo-lntermediate Vb (X^^) underthe conditions of Example 1d above, there 
Is obtained la-acetoxy-10-hydroxy.3.5-cyclo-19-nor-vitamin D, B-methyl ether VIb (X=Ac Y=OH). 

(e) Upon processing intermediate VIb (X=Ac. Y=OH) through the procedure given In Exampte 1e above, 
there b obtained 1o-hydroxy^19-nor-*itamln Ds (lb, Xi=)P=H). 

as Examples 

PreparatlcMiof 1a,2S-dlhydroxy-19-nor-vitamin Da . , » »w 

(a) Utflizing 25-hydio>vvltemin OiOte) as starting ihateriai and experimental conditions analc^ous to those 
of Exampte la, there Is obtained la.25-dIhydroxy-3>cydovltamin Dj 1-acetate. e-methyi ether, com- 

40 pound lllc (X=Ac). ^ , ^, „ ^.o.^. &, 

(b) Subjecting intermediate llld (X=Ac). as obtained in Example 3a above, to the reaction conditions of Bc- 
ample lb. provides 10.19-dihydro-1o,10.19,25-tetrahydroxy-3.5Kyclovltamin D2 1-acetate. e-methyi 

IS By beaSeit of intermediate IVc (X=Ac) with sodium meteperiodate according to general procedure 
45 of Exampte 1c above, there is obtained lo.2S-dihydroxy-10-oxo-3.5-cyclo-19-nor.vitamin Da 1-acetate. 6- 
methyl ether Vc(X=Ac). ^ , 

(d) Upon reductton of the lO-oxo-intermedlate Vc (X=Ac) under conditions analogous to those of Btample 
1d above, there is obtained laraceto)^10^5-dihydroxy-3.5-(^(>-19.nor.vitamln Da 6-methyl ether Vic 

(50 (e)"upon processing Intermediate Vic (X=Ac Y=OH) through the procedural steps given In Example 1e 
above, there Is obtained 1a,25-dihydrQxy-1 9-nor-vitamln D2 (Ic, X^-y?=H). 

Example 4 

55 Preparation of 1a-hydroxy-19-nor-vltamlnD2 . ^ . ^u^t^^A 

(a) With vitamin Dj (lid) as starting material, and utilizing the conditions of Example Ja, there Is obtained 
known 1a-hydroxy-3,5-cyclovilamln D2 1-acetate, 6-methyl ether, compound llld pC-Ac). 

(b) By subjecting Intermediate llld (X=Ac), as obtained In Example 4a above to the conditions of Example 
1b there is obtained 10,1 9-dlhydro-1a,1 0.1 9.trihydroxy-3.5-cydovltamin D2 1-acetato. S-methyl ether. 
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(c) B^tJlment of Intermediate IVb (X=Ac) with sodium metaperlodate ^«=^«^^"9 ^ Exampte^^ 

here Is obtained 1a-hydroxy-10^xo.3.5^clo.19-nor.vftamin 1-acetate, e-methyl f ^er (^^^^ 

(d) Upon reduction of the 1 0^o^lntermediate Vd (X=Ac) underthe condW^^^ 

is obtained la.acetoxy-10-hydroxy-3.5-cydo-19-nor.vltamln S-methy^ ether, Vld (X=Ac. Y=OH). 

(©) Upon processing intermediate Vld (X=Ac. Y=OH) through the procedure given in Example 1e above. 

there obtained 1a-hydroxy-19-nor-vitamin Dj (Id, Xi=X2=H). 
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Claims 

V; Al»ifi^«una"haVlng the formula: 
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26 

Where XI and X^ are each Independently hydrogen, aliphatic acyl of 1 to 5 carbon atoms, aromatic acyl 
or alkylsilyl or alkoxyalkyi wherein said •allQfl'' has 1 to 5 carbon atoms, and R Is a side chain known for 
30 vitamin D-type compounds: 

2. A compound according to claim 1 wherein R is hydroxyalkyi of 1 to 5 carbon atoms, fluoroalkyi of 1 to 5 
cart)on atoms or a side chain of the formula: 

36 




wherein Ri represents hydrogen, hydroxy or O-acyl. R^ and are each Independently alkyi, hydroxyalkyi 
or fluoroalkyi. or, when taken together represent the group ...... ^ 

^ (CH2)m - Where m Is an integer from 2 to 5. R* is hydrogen, hydroxy, fluorine, O-acyl. aikyl. hydroxyalkyi 
orfluoroaikyl, Rs Is hydrogen, fluorine, alkyi. hydroxyalkyi or fluoroalkyi, or R* and RS taken together rep- 
resent double-bonded oxygen. R« and R^ are each independently hydrogen, hydroxy. O-acyl, fluorine or 
alkyi or R« and R^ taken together form a carbon-carbon double bond, and n is an Integerftom 1 to 5 and 
wherein the carbon at any one of positions 20. 22 or 23 In the sMe chain may be replaced by an O. S, or 
N atom and wherein said "alkyi" has 1 to 5 carbon atoms and said "acyl" is aliphatic acyl of 1 to 5 carbon 
atoms or aromatic acyl. 

3 Acompound according to claim 1 wherein X< and X? are both hydrogen. Ri is hydroxy, R^ and R3 are each 
Independently methyl, trifluoromethyl, ethyl or propyl, R« and R7 are both hydrogen, or together form a 
carbon-carbon double bond, R* and R« are both hydrogen and n Is 1, 2 or 3. 

4. 1a.25-Dihydroxy-19-nor-vitaminD3. 
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5. 1 a-Hydroxy-19-nor.vltamln D3. 

6. 1 a^5-DlhydfOxy-19-nor-vttamin D2. 

7. 1a-Hydroxy-19-nor-vitamin D2. 

8. 1a-HydrQxy-19-nor-24 epJ-vitamIn Da- 

9. 1 a^5.Dlhydroxy-1&-nor.24 epi-vftamln Da- 

1 0. A compound having the formula: 




30 



aromatic acyl. 
11. A compound having the formula: 
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wherein R Is as defined in aalm 
10. 

1Z A compound having the forntula: 



1.Qrepresentsalkylof1to5carbonatc«nsandXls as defined in aaim 
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1to9 together wfthapharmaceutkally acceptable oxclplent 

-« ^ H»im 13 wtiereln the compound Is m a soKd or liquid vehicle Ingestlble by. 
14. A oomposlHon according to dalm 13 wherein tne cwnw" 
andnon-t«tlcto,mammala. 

(ig to SOjig of the compound. 
„ Acon,posltK>naccordlngtoa„yo„eofcle.n,s13to16wh.ch.su«aUef.top..adm^^^^^^ 

la^composmon acco„.lngtoanyaneofc^^s13to16which.su«ab,efor parenteral ad..^^^ 
IS Acon,posltlonaccord.ng,oanyoneofctehns13to16whichlssunab,ef.ro,aladn.^^^ 

ao A compound as defined In any one of Calms 1 to 9 for lnducU,g eel, d«eren«at,on In malignant celU.. 
« A««npoundaadeflnedlnanyoneofdalms1to9forlnduc.ngcelld^— InleuK^^^^^^^ 
aa;AcompoundasdefU,ed.anyoneofc,a^1to9f.r,rea«ngap.-.erat.es«nd.sord. 

23. Acompoundaedeflnedlnanyoneclalmsito9fbrtrea«nflpsoriasls. 

24. Acompoundasdeflned.nanyoneofda^s1lo9f.rl.a.ngpHmaryorsecondaryhype^^^ 

25. Acompounda8deflnedlnanyoneofdalm8ltD9fortreatinganeoplastiodisease. 

26. A pioceaelbr preparing a compound having the formula: 
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where X\ and R are as defined In any one 
10-deoxy cydovltamin D compound having the formula: 



of Claims 1 to 3 which comprlsea sohfdyslng the la-hydroxy- 




whereln Q Is alkyl of 1 to 5 carbon atoms. 

PatentansprQche 

1. Verblndung der Formel 




ten und R eine ffir Verbindungen des Vrtamln-D-Typs bekannte Sertenkette 1st 

verblndung nach Anspruch 1. dadurch gekennzelchnet. ^l^l^y^^jfj^"^^^^ ^ Kbhlenstoffato- 
. RuoralkyI mil 1 bte 5 KoWenatoffetomen Oder eIne Seltenkette der Formel let 



men, 
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